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SUMMARY

A landing investigation is being condueted at the Langley impact
basin to obtain some quantitative measurements of the distribution of
water pressure during landings, which may serve as an ald in the estab—
lishment of seaplans design criteria and in determining the value of
the exlisting hydrodynamic pressure theories. Thls paper presents pres—
sure measurements obtalned on a 5-foot prismatic model having an angle
of dead rise of 300, a beam of 1 foot, and a beam—loading coefflclent
of 18.8. This model Jes subjected to smooth~water landings at fixed
trims of 6°, 15 , 30°, and 45° for a renge of Flight—path angles from
approximately 2% t0 20

Initial im@act conditions and meximum pressures are presented for
all landings together wlth time hlstories of the velocltles and pressure
distributions for several representatlve landings. The Instantaneocus
pressures for a given draft, trim, and location on the hull bottom are
found to be directly proportional to the square of the velocity normal
to the keel.

Comparisons of the experimental pressures and theoretlcal pressures
indicate the- degree of correlation and some llmitations of the avallable
theoreticel- treatments.

INTRODUCTION

\

TInasmuch as the magnitude and distrlbution of the hydrodynamic
loads imposed on seaplane hulls during landings is & matter of concern
to seaplane designers, an appreclable amount of research has been con—
ducted to obtaln rellable means of predicting these loads. In recent
years much of this research has been concerned with the over-all loads
problem, for some phases of which theories have been developed and sub—
sequently substantiated by experimental investigations. In general,




O U P

2 NACA TN 2111

however, a knowledge of the over—eall loads is not a sufficient criteriom
for local structural design since, during seaplane landings, large and
irregular pressure gradients usually exisgt over the hull bottom such that

the local pressures greatly exceed the average pressures.

Much of the available information relevant to the problem of deter—
mining these local pressures -Is contained in references 1 to 1l. Refer—
ences 1 to 4 deal with theoretical aspects of the problem, references 1
to 3 being concerned primarily with the pressures on transverse sections
of a prismatic hull where the chines do not penetrate the fluid surface
and reference 4 being concerned with the pressures at transverse sections
where the chines are immersed in the fluid. Some experimental data
obtained under controlled conditions are given in references 3, 6, T,
and 8. Data are also available from several full-scale landing tests.
Although all these data and theory comprise a definite conmtribution to
the solution of the problem of hydrodynamic load distribution, large gaps
remain to be filled by accurate experimental investigation and by further
theorstical studies.

As a gtep to provide more extensive hydrodynamic pressure—distribution

data a landing investigation is being conducted at the Langley impact
basin on a series of prismatic hull and float models of varying dead rise
and beam loading. Tests have been completed on a model having a
beam—loading coefficient of 18.8,'3 beam of 1 foot, and a 5-Foot pris-—
matic section having an angle of dead rise of 30°. Fixed-trim landings
were made in smooth water faor a large range of trims, velocities, and
flight—path angles; and during each landing time histories of the pres—
sures, velocities, and over—ell loads were recorded.

This paper presents the experimental pressure—distribution and
veloclty data obtalned fraom these tests. The data ars analyzed to show
the effects of velocity, flight—path angle, trim, draft, and location on
the hull bottam. Comparisons are made between these experimental pres—
gures and theoretical pressures from references 1 to 4 in order to

~establigh the value and limitations of the various thearies.

SYMBOLS
b beam of model, feet
c wetted semiwidth at any station along keel, feet
£ equlivalent planing velocity, feet per second (;iz T)

g acceleration due to gravity, 32.2 feet per second per second
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Be

(14 —-egr
theoretical constant ———;—-—

thearetical constant defiﬁed in appendix B
mags of model, slugs
instantaneous pressure, pounds per square inch

longitudinael distance from step to any polnt on hull bottom,
feet

ingtantaneous velocity'of model pafallel to keel, feet per
second (X cosT — ¥ sinT)

time after water contact, seconds
thearetical constant <§ tan 9

ingtantaneous resultant velocity of model, feet per second
wave velocity, feet per second
wind veloclity, feet per second

transverse distance from ksel to any point on hull bottom,
feet

instantaneouﬁ velocity of model parallel to undisturbed water
surftce, feet per second

ingtantaneous draft of model normal to wndisturbed water

surface, feet

ingtantaneous velocity of model normal to undisturbed water
surface, feet per second

instantaneous velocity of model normal to keel, feet per
second (X sin T+ ¥ cos T)

ingtantaneous acceleration of model normal to keel, feet per
second per mecond

angle of dead rise, degrees

effective angle of dead rise, degrees
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4 instantaneous flight—path angle, degrees

A auxiliary variable used for integration and as a parameter in
appendix B, radians

14 " thearetical constant <§-tan B%)

P mass density of water, 1.938 slugs per cubic foot

T trim, degrees ‘

Ty angle of wave slope

Subscripts:

a two—dimensional flow

o] at water contact

P peak value

r radian measure

Dimensionlegs variables:

Ca

o]

L

mgj
o] .
o

gl
X

beam—loading coefficient (JE€>
Pb

pressure coefficient based on =z
pressure coofficlent based on f

pressure coefficient based on V

APPARATUS

The investigation was conducted in the Langley impact basin with
the test equipment and instrumentation described 1n reference 9. The
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test model was 1 foot wlde and had a dead—xrise angle of 30° and a pris—
matic section for a length of 5 feet. The lines and pertinent dimesnsions
of the model are shown in figure 1 and a photograph of the model 1is

shown as figure 2. ' ]

. The instrumentation used to measure horizontal veloclty and vertical
veloclity is described i1n reference 9. Accelerations in the vertical
direction were measured by a standard NACA alr—damped accelerometer
having a natural frequency of 16.5 cycles per second with approximately
0.65 critical damping end a range from —lg to 6g. Pltching moments

wore obtained from an electrical strain-gage—type dynamometer. The )
times of water contact and exit of the model were determined by msans of
an electrical circult completed by the water. DPressures were measured
with 20 gages distributed over the hull bottom as shown in figure 1.

These gages had flat én-inch—diamﬁter diaphragms which were mounted flush

with the hull bottom. Motion of a metal rod attached to the center of
the diaphragm unbalanced an inductive electrical bridge circuit insgide
the gage. The resulting current, proportional to the pressure on the
diaphragm, was amplified by 5000—cycle carrier amplifisrs and recorded
on a 24 channel ogcillograph. Natural frequencies of the gages were
approximately 3300 cycles per second.and the response of the recording
system was faithful to at least several hundred cycles per second. A
typical oscillograph record 1s shown In figure 3.

PRECISION

The instrumentation used in these tests gives msasurements that are
believed accurate within the following limits:

Horizontal veloclty, feet per second . o« ¢« ¢ ¢ 6 o ¢ o ¢ o o « o » 0.5
Vertical velocity at water contact, feet per seconda . . . . . . . 0.2
Wolght, DOUNAB « o « o o o o o o o o o o o o o o s o o o s o o o o I
Vertical acceleration, percent . « o« o o« ¢ o« ¢ o ¢ o ¢« o s ¢« ¢ o o« *5
Pitching moment gbout step, Percent .« « « « « « « o o o« s » « « o I8
Progsure, pounds DT SQUATE INCH « o o o o o « o o « o « o o 2 30.1p
Time, S6CONASE =« o« « « o « o o o o o s o°c s o o o o s o o & o« « X0.005

8There are some indications of larger errors due to frequency response
for runs 6 and 7. :

TEST PROCEDURE

The. model was tested at O° yaw and at fixed trims of 6°, 15°, 30°,
and 450 in smooth water. A series of landings was made with the model

e e e e e e — e e e ———— ———— e e g —— e e e = & = =T
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loaded to a welght of 1172 pounds, which corresponded to a beam—loading
coofficient of 18.8. The flight—path angle was varied over a range from
approximately 3° to 20° for the tests with 30° and 45° trim, fram 2°
to 6° for the 15° trim, and was limited to 2° for the 6° trim. Most of
the landings were repeated under as similar conditions as possible in
order to check the consistency of the experimsntal measuremsnts.

During each landing a compressed—air engine (described in refer—
ence 9) exerted a vertical 1lift force on the model equal to its weight
go that the model entered the water with constant vertical velocity;
otherwise the model was free to move in the vertical direction. The
model was attached to a towing carriage weighing approximately 5600 pounds.
Because of this large added carriage inertla the model did not slow down

significantly (horizontally) during any landing.
RESULTS

The bagic data obtained from the present investigation are presented
in tables I and IT and in figure 4. The initial verticel velocities,
horizontal velocities, and trims for all runs are presented in table I
together with the, values of the maximum pressures recorded on each pres—
sure gage. In table IT are tabulated the instantaneous vertical veloci-—
ties corresponding to the peek pressures for several of the pressure
gagesa. The corresponding instantaneous horizontal velocities are sub—
stantially the values gliven in table I since the change in horizontal
velocity during any impact was small. In figure 4 extensive time—
history pressure distributions are given for one run at each trim
together with several less extenslve distributions from other runs.

(The boundary of the wetted surface as indicated in this figure was
arbitrarily drawn as a straight line slightly forward of the line of
meximm pressure. Thesge lines are bellieved to glve a reasconable egtimate
of the wetted area, but they do not necessarily glve an accurate repre—
gsentation of the wave rise.)

In order to provide an independent check on the accuracy of these
pressure data the following procedure was used: TFor several runs, pres—
gure distributions were read at the time of maximm load on the model.
These distributions were integrated to obtain the maximm vertical load
and the pitching moment about the step at the time of maximm load. In
figure 5 the results of these integrations are compared with the corre—
sponding values obtained from the accelercmster and load—measuring
dynamomster. (The dynamometer measured the piltching moment about an
axis remote from the step. In order to transfer thls moment to the step
the accelerometer reading was used.) The close agreement of thege inde—
pendent measurements appears to substantiate the over—ell reliability of
these pressure msasurements. It is realized that this’check does not
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preclude the posgsibility that the pressure gages did not respond faith—
fully to the localized high—frequency pressure transients which occurred
near the peak pressures during some of these landings since such local-
1zed effects would have had little influence on the over—all integrated
pressure distributions. Analysis of the data (to be discussed subse—
quently) indicates, however, that in general the peek values are also
reliable. -

DISCUSSION

Independence of Pressure Coefficient P2 and Flight—Path Angle
=Pz -
2

Pressure—distribution data from figure 4 are plotted in figures 6

to 9 as the variation of the dimensionless pressure coefficient ~B_

2%
for various immersions and trims. Data for different landing conditions
and for the same immsrsion and trim have been supsrimposed in the same

three—dimensional plots.

From theoretical considerations discussed in appendix A it would
be expected that these pressure coefficients would be essentially inde—
pendent of the instantaneous flight-path angle or, for a given trim,
draft, and location on the hull bottam, the pressures should be directly
proportional to the square of the velocity normal to the keel. That such
is the case can be seen by an examination of figures T to 9. For the 15°
trim data in figure T(c) the pressure coefficient appears fairly constant
for flight—path angles of 0.6° and 5.7°. An apparent reduction in peak
pressure occurs for runs 6 and T; however, these two runs had the highest
vertical velocities of the 15° trim runs and the pressure transients in
the vicinity of the peak pressures may possibly have occurred too rapidly
to permit the recarding system to follow them accurately. The additional
15° trim data in figure T7(d). show much better agreement between the
pressure coefficients at flight—path angles of —2.4° and 4.5°. Far the
trim of 30°, the pressure coefficients for different flight—path angles
are closely similar, for angles of 2.3°, 9.0°, and 19.2° in figure 8(b)
and for angles of 7.1° and 18.2° in figure 8(c). Similarly, at 45° trim
the agreement is good for flight-path angles of 1.5°, 8.9°, and 18.1° in
figure 9(b) end for angles of —4.4°, 6.3°, and 16.1° in figure 9(c). In
summary, the experimental pressure coefficients obtained during this
investigation appear to be relatively independent of the ilnstantaneous
flight—path angle. (This observed general independence of the pressure
coefficlents and the flight-path angle serves to indicate that moast of
the experimental data, including the peak values, are free from frequency—
response errars inasmuch as any such effects would, in general, produce
an apparent variation of pressure coefficient with flight—path angle.)

e e e e A e o = -
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Distribution of Pressure Coefficient

The forces on non—chine—immersed tramsverse sections of a prismatic
float (fig. 10) are generally considered to be relatively independent of
the wetted Iength. Consequently, this model at any given trim would be
expected to have a characteristic (of the trim) pressure distribution on
the triangular projected area, the transverse sections of which have no
chine immersion. Prior to chine immersion this characteristic pressure
distribution should be reduced near the step to conform to the condition
of approximately atmospheric pressure at the step. Subsequent to chine
immersion, when & rectangular pressure area is present aft of the tri-
angular area (fig. 10), less step effect exists and the pressures on the
triangular projected area should be somewhat larger than wes the case
prior to chine immersion. Aft of the triangular area, in sections where
the chines are immersed, the pressures should decrease so that they
approach zero near the step. As the wetted length increases the longi-
tudinal pressure gradients should then become smaller. The experimental
data in figures 6 to 9 show all these expected trends. In addition at
the 6° trim (fig. 6) small localized negative pressures occur near the
step.

Veriation of Pressure Coefficiemt = P2 with Trim

EDZ

: Transverse sgections without chine immersion.— At very small trims
of a few degrees or less the flow about non—chine—immersed sections of

a fixed—trim prismatic hull (fig. 10) may be considered to occur in two—

dimensional planes stationary in space and oriented normal to the keel

(references 10 and 11). Then for very small trims the pressure coeffi—

cient 1112 (acceleration effects being neglected) should be the same:

—2-pz
at each transverse section and should be independent of the trim. Wagner
(references 1 and 2) has given approximate equations for the pressure
distribution for this limiting case (see appendix B). The theoretical
pressure distribution for a dead-rise angle of 30° was calculated from
these equations and is shown with the experimental data both in figures 6
and 7. (Because of the large differences in magnitude between the experi-
mental and theoretical pressures at the 30° and 45° trims, this theoretical
distribution has been omitted in figs. 8 and 9.) Fair agreement is seen to
exist with the theory at the 6° trim except in the vicinity of the step.
At the other trims (15°, 30°, and 45°) the agreement is poor, the theoret—
ical pressures being much larger than the experimental pressures. Thus,
the simple assumption of the Wagner—type flow in two—-dimensional planes
normal to the keel is indicated not to be satisfactory for the range of
trim of the present investigation.
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It is evident from figures 6 to 9 that the experimental pressurg
coefficients do decrease with increase of trim. At the low trims (6
and 15°) there are large peaks at the édge of the wetted area. At the
higher trims (15° and 30°) the coefficients tend to become higher at the
keel and lower toward the chlnes. _Some congideration of this effect has
been made by Pierson (reference 3). He has determined an effective dead-
rise angle which depends on the trim and dead—rise angle (append;x B).
Wagner's equations are used with this effective dead rise rather than
with the actual dead rise in order to calculate the pressure coefficient
at a finite trim. Pressure coefficients calculated with the use of this
modification of Pierson's are shown in figures 6 to 8. It is seen that,
except in the vicinity of the step, good agresment exists with the experi-—
mental data at the trims of 6° and 15°. The theoretical pressures are
too small at 30° trim and no comparison is possible at 45°. (Since the
effective dead rise given by Pierson in reference 3 is only an approxi—
mation which was used there for a 6° trim, it was hardly expected to be
valid for the extreme trims of this investigation. Also it 1s evident
that the approximation is invalid at trims above 33° for this dead rise
gince sin B, > 1.) ' )

Trangverse sections with chine immersion.— Figures 6 to 9 show that
at all trims the transverse pressure distributions on chine—immsrsed
sections (fig. 10) are approximately elliptical and are smaller than or
equal to the pressures on the sections without chine iymersion. At.
the 6° trim the longitudinal pressure gradients along the chine—immersed
length of the float are generally small. At the 15° trim large longitu—
dinal pressure gradients occur. Above 15° trim for a given wetted length
the longitudinal gradients decrease with increased trim.

As a theoretical approach to the pressures on chine—immersed sec—
tions Korvin-Kroukovsky and Chabrow (reference 4) have presented a
derivation for the pressure on a two—dimenslonal wedge with chines
immersed in a fluid with separated flow behind the wedge. As a first
approximation the resulting equations are applied to the thres—dimensional
cagse by consldering the flow to occur primarily in two—dimensional planes
normal to the keel (appendix B). With the use of this modification,
thearetical pressure distributlions were calculated and are shown in
figures 6 to 9 together with the'experimental data. The theoretical

pressure coefficlents EJL§ predicted in this way are always less than
s |
one and are the same at each transverse section; whereas an examination
of figures 6 to 9 shows that the experimental data for chine—immsrsed
sections of the hull show in gemeral mmch larger coefficients_ and longi—
tudinal pressure gradients. At 6° trim the pressure ls approximately
four times the predicted value. As the trim or wetted .length increases
the pressure coefficients decrease until at the largwst trim (45°) and
longest wetted length fair agreement exists between the theoretical and
experimental pressures. '
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Effect of Deceleration

In the preceding discussion and in the theoretical pressure distri-—
butions plotted in figures 6 to 9 no consideration was made of the effect
of the deceleration of the model on the pressure distribution. If the
model is decelerating in the direction normal to the keel (a8 in these
tests), negative increments of pressure will exist which as a first
approximation are proportional to the deceleration of the model and are
distributed elliptically over the wetted width (appendix B). The maximum
theorsetical negative increment of pressure according to this first
approximation is pZc, which quantity (for the conditions of these tests)
was always less than 1 pound per square inch which is of the sawe order
of magnitude as the experimental error. Comsequently, rather than to
complicate greatly the comparison of experimental and theoretical dis—
tributions by the consideration of this term it was considered better to
omit the term.

Peak Pressures

The peak pressure coefficients obtained during this investigation
were the largest near the keel. Outboard from the keel the peak pres—
gsure coefficients were slightly smaller and near the step they were con—
giderably smaller (figs. 6 to 9). The slightly higher pressures at the

" keel may be partly attributed té a %~—inch radius rounding of the keel,
but that this rounding would have had any substantial effect is unlikely.

Y
At low angles of trim the peak pressure coefficient P should
2022
2
be independent of trim and wetted area. According to Wagner this value
for small angles of dead rise (B 0) is (appendix B)

i ( o ‘

P 7
_— == cot B) (l)
é 22 2

D
should become

At very high trims the peak pressure coefflicient T
. Epé.
smaller and approach the value (appendix A)

= (2)
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or the peak pressure coefficlent

should approach 1. The peak

i :
pressures for the three gages which had the highest pressures throughout
these tests are plotted in Figure 11 against %pig. These particular

gages (numbered as 5, 6, and 7 in fig. 1) were located near the keel at
positions removed from the step. The faired straight lines drawn through
the data were used to obtain peak pressure coefficients for each trim.
These peak pressure coefficients are plotted in figure 12 against trim
as a percentage of the limiting value at 90°, that 1s, as the coeffi—

iY
clent i—gﬁ' The experimental data are seen to agree fairly well with
§pf
Wagner's theory and with Plerson’s modification for trims below 150. At

higher trims neither theory is adequate and the data rapidly aepproach the
upper limiting value of 1. An empirical formila

e I o o S | (3)
%pfe ﬁ2t&n27 + 4 tanQB

" is shown which does £it the two endpoints given by equations (1) and (2)
(tr—¥0° and T—)90°) and which is in fair agreement with the experi-
mental data over the entire range of trim,

Whereas an analysis of the data in terms of the peak pressure coef—

b D
ficient P or —P_ was most expedient, for practicel purposes, the
1.2 1.:2
2 2t

ugse of a pressure coefficient based on the resultant velocity is desir—
able. Equation (3), so converted, becomes

Pp 72ein2(y + T)

= (3a)
%pv2 ﬁesineT + 4 tan®B cos®r

This coefficient is shown in figure 13 as the variation of the peak
pregsure coefficient with trim for various flight—path angles. The
maximum coefficient at each trim is also shown.
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CONCLUSIONS

From an analysis of the experimsntal data obtalned during a smooth-—
water landing investigation of a prismatic float having a high beam—
loading coefficient, the following conclusions may be drawn:

1l. For a given trim, draft, and location on the hull bottom the
ingtantaneous pressures are directly proportional to the square f the
velocity normal to thé keel but are independent of the instantaneous
flight—path angle.

2. In the region forward of the immsrsed chines

a. At the low trims (6° and 15°) large pressure peaks exist
at the edge of the wetted area. At the higher trims (30° and 45°)
the distributions tend to becoms higher at the keel and lower
toward the chines.

b. The ratio of pressure to the square of the normal velocity.
decreases with increased trim.

. C. Wagnert's theary gives a pressure distribution which is in
fair agreement with the 6° trim data except in the vicinity of the
step. At the other trims (15°, 30°, and 45°) the agreement is
poor, the theoretical pressures being much larger than the
experimental pressures,

d. Pierson's modification of Wagner'!s theory gives a pressure
distribution which, except 1n the vicinity of the step, is in
good agreement with the experimental data for the 6° and 15° trims.
The theoretical pressures are too small at the 30° trim.

3. In the region where the chines are immersed

a. The longitudinal pressure gradient is small at the 6° trim,
large at the 15° trim, and decreases with further increases of trim.

b. Use of the two—dimensional analysis of Korvin—XKroukovsky
and Chabrow glives theoretical pressures which are 1n general smaller
than the experimental pressures, but at the largest trim (45°) and
longest wetted length féalr agreement exists.

4, Wagner's and Pierson's equations give a fair estimate of the
largest peak pressures far trims below 15°, but are inadequate for the
higher trims.
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5. The largest peak pressures can be represented with fair accuracy
over the entire.range of trim by the empirical equation

Pr ﬂasine(y +7T)

%pVE 1°sin®T + 4 tahQB coslT

where Pp is the peak pressure, p 1s the masg density, V 1s the

regultant velocity, T is the trim, B is the angle of dead rise, and
7 1s the flight—path angle.

Langley Aeronautical Labaratory .
National Advisory Committee for Aeromautics
Langley Air Force Base, Va., February 17, 1950
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APPENDIX A

REMARKS ON THEORETICAL BACKGROUND

Landing TImpact

In the impact of long narrow prismatic floats (fig. 10) the instan—
taneous pressures can be considered as a first approximation to be com—
posed of two terms: one proporticnal to the square of the instantaneous
velocity of the model normal to the keel, and one proportional to the
acceleration normal to the keel (referemces 10 and 11). For the special
case of a model having a wing 1ift equal to the model weight and when no
other external forces are present (as was the case far the model of this
paper) the sum of the two force terms (proportional to 22 and %) is
proportional to the normal acceleration of the model (from Newton's
second law) from which fact it is evident that the normal acceleration
is proportional to the square of the normal velocity. The factor of
proportionality varies with the impact geometry (shape of model, trim,
and draft) and the beam—loading coefficient. Then for this special case

the dimensionless pressure coefficient based on the normal velocity

P ’}
i

for a given location on the hull bottom, should depend only on the impact
geometry and the beam—loading coefficient. Also, If the ratio of the
acceleration force to the velocity—squared force be small (which may
often be the case for heavy beam loadings) then, regardless of the
wing 1ift and beam loading, the pressure coefficient il%ﬁ should

- L,
2
depend essentially only on the impact geometry and should be inde—
pendent of the beam loading.

Relation to Steady Planing

The preceding discusslon indicates that for a long narrow prismatic
model the steady plening condition differs from the corresponding impact
condition (same draft, trim, shape of model, and normal velocity) only
by the effect of normal acceleration. The impact—veloclty -component

corresponding to the steady planing velocilty (%hich is in terms

=X + ycot T =f. Then since in

t,
of the normal veloci y> is Sine

steady planing all pressures are legs than or equal to the dynamic
pressure corresponding to the resultant planing velocity (buoyancy being
neglected) and the peak pressure approaches this value at high trims,
the same should be true during impact for the velocity f.
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In general, the acceleration on a float during impact is negative
or opposite to the direction of normal motion (as was the case through—
out these testa) such that negative increments of pressure are created
on the hull bottom. Then, Iin general, the impact—pressure coeffi—

cients —E— ghould be somswhat less than the carresponding planing
=pZ
2

coefficients.

s A — et e e o et T T
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APPENDIX B
EQUATIONS FOR THEORETICAL PRESSURE DISTRIBUTIONS

Wagner (reference 1) has presentéd a dérivation for the pressure
distribution on a two—dimensional symmstric body of small slope dropping
on a smooth fluld surface. The resulting equation is

2 2

v av, . v,
.2 L s 2R_ 2 Ll _ & (B1)
P u /N2 dt 2 ,.\2
1—(32) (9—) -1
Y x

where ¢ is the wetted semiwidth of the body, * 1s the width corre~
gponding to any point on the body, V, i1s the two-dimensional velocity
of the body, and u -is % tan B for a V-bottam surface. For the case

of a three—dimensional prismatic float at an angle of trim, Wagner
(reference 2) glves the velocity corresponding to 7V, as

Vo = Vrp + (V= Vuqd7, + VWTWI. (B2)

where Vﬁi is the wind velocity, V,, 1s the wavepvelocity, and Twr is

the wave sloﬁe. In the absence of wind and waves this is

Vo = V(7. + 1) (B3)

Since Wagner considered small angles, equétion (B3) is essentially

V, = Vsin(y + 1) = 2 (B4)

(Equation (BY) is seen to be equivalent to the statement that the flow
about a prismatic float at an angle of trim occurs primarily in two—
dimensional planes stationary in space and oriented normal to the keel.)

Combining equations (BL) and (B4) with u =2 tan B gives a first

approximation for the transverse pressure distribution on a V-bottom
float at sectlions having no chine immersion

. 1 ..
D= %p mcot B _ + pZ @ — x° (B5)

V& @
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where the first two terms are sesen to give the pressure for constant
veloclty and the last term l1s proportional to the normal deceleration
of the float. Plerson (reference 3) has modified Wagner's equations to
include better the effects of trim. For the case of steady planing he
glves the equation

- (86)

where U = % tan B, and By, called the effective angle of dead rise,

2
is defined by the relation sineﬁe = sineﬁ + :_t&_ sin®T, Then,

(B7)

The peak pressures on the float are given by Wagner (reference 2)
for small angles of dead rise (B —0) as

1 {dc 2
- =
whsre
de _Va
dt u

Combining equations (B4) and (B8) with u = 12? tan B gives

A ,
Py = %pz2<’7‘+- cot2;3> (B9)

Modifled peak pressures may be obtained from the maximum value of
equation (BT).
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Korvin-Kroukovsky and Chabrow (reference U4) have presented a deri—
vation for the pressure distribution on a symmetric two-dimensional
wedge completely submerged in a fluid, moving normal to the stream, and
having steady separated flow behind the wedge. The resulting pressure
equation is

~

2h
2 cos A
p - vt - (9 (310)

where A 18 defined by the relations

T
2
x = 2kb cos Bf (L + sin X)h(cos J\.)l—hsin A dr
A
1 z h 1-h
]—{-=4cost2(l+sin)\.)(cosk) sin A dx
0 .
and
T -2
po X%
7

By combining equations (B4) and (B1O) a first approximation is obtained
for the pressures on chine—immsrsed sections of a V-bottom hull ’

oh
32lp _ [Co8 X x> (B11)
1 + gin

l\)_é)l—’

P."_‘
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Figure 2.- Model having 30° angle of dead rise.
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